Gap analysis represents a tool for raising the level of performances of products, processes and enterprise organization which is rarely used in risk management. This paper proposes the joint application of Gap and Pareto analysis, in aim to mitigate possible risks in production processes. It is based on the facts that key points in the production process indicate some serious oversights (gaps), characterized as errors, which can grow into risky elements that disturb the manufacturing process and fi nal transmitter assembly. In this paper, fi nalizing and assembling pressure transmitter elements (modules), created by a domestic manufacturer, served as an example for the Gap analysis. Each electronic transmitter is consisted of three modules: measurement cell, mechanical coupling fi xture and enclosure containing the electronics and the terminal block box. Through the implementation and assembly of these modules errors (or elements of potential risks) have been identifi ed. Later on, using the Pareto chart, it has been seen that 80% of errors made during the transmitter manufacturing process have occured while implementing the fi rst and the third transmitter module. Also, by analyzing the collected gaps, it has been concluded that the critical ones happen while using the existing technology and engaging workforce. In order to eliminate the above-mentioned errors, this paper decidedly presents the Gap analysis steps which should be followed, so the transmitter manufacturing process would be improved in terms of quality. Similar methodology could be applied to other products and processes.
INTRODUCTION
By applying the Gap analysis and the Pareto chart, it is possible to collect certain data, mainly about the current status of enterprises, as well as about the possibilities to remove the irregularities and improve business activities and it is not usually applied on production processes. This paper will offer methodology to analyze the manufacturing process, as well as the process of assembling the fi nal product using both Gap and Pareto analysis in aim to mitigate risks. Researches in the fi eld are not numerous. Using the example of process installation, Milazzo [1] approaches the error analysis (and their connections) methodically, through sensitivity and uncertainty, which indicates a high component failure rate with the following noted causes: human factor, equipment damaged before the exploitation, but also a more and more frequent usage of outdated technology. Also, Stanisavljev et al. [2] analyzed the occurence of the time gap when choosing the batch size in the manufacturing process. The idea of this paper is exactly to consider risks through the Gap analysis, as well as to realize all the steps needed for accepting or reducing their impact on the organization. It is exactly from this setting that one can ascertain that the risk includes resources, process activities, relations, defi ned plans, as well as fi nal responsibilities within the organization. Risk, by defi nition, represents a certain level of probability (or uncertainty) regarding the desired outcome [3] . Risks are multidimensional and that is why they need to be separated, so the causes, outcomes and trends are clearly determined. Also, technical risks occuring within design and technology, will be analyzed [4] . This type of risks, by its nature, should be carefully estimated when making decisions in the project [5] [6] . According to the same sources, consideration of technical risks improves the processes in accordance with described procedures and reduces costs of faulty products (repairs, warranties and additional services). In this regard, Stamenković et al. [7] were considering the product warranty as one of the risk factors which includes additional costs for manufacturers. In the early phase of developing and planning the product technology, a lot of errors have occurred. If these errors are not discovered and removed in this phase, there will be a progressive increase of the general costs regarding quality of the product. Also, unforeseen changes and errors occur during planning. By researching and analyzing, Tilley et al. [8] identifi ed a series of risky factors concerning design and documentation, like for example: 1) issues with inadequate design, 2) non-existing design check, 3) issues with deadlines, 4) inadequate and inexperienced design team, 5) short time for quick market demands (tenders). According to Kliem [9] , more and more attention today is being paid to technical risks, which means: 1) inability to determine the relationships between key processes; 2) lack of access to technical expertise; 3) lack of agreement about designing analysis, tools and techniques; 4) lack of knowledge about the application of technology; 5) choosing the wrong technology and 6) limits in applying existing IT technology. In addition to this, Williams [10] points out that failures of large engineering projects are leading to severe damages which can occur due to not considering the risks. That is why Miller and Lessard [4] stated that understanding and managing risks represents a challenging task for designers in the early phase. Some of the risks can be mitigated or decreased by teamwork, while with some risks each designer has to cope individually [11] .
METHODOLOGY

Gap analysis
Gap analysis represents a tool for raising the level of product, process and enterprise performance. It helps enterprises determine where they wish to be and fi nd the gap between that place and a place where they are positioned now [12] . Vukelić et al. [13] designed a methodology of locating the gap during the production process based on a scheme for timely selection of correct elements (pieces).
Figure 1: Schematic representation of the Gap analysis
In the Figure 1 , there is a path which bridges the gap (or a potential risk). That is how an action plan is made, outlining the exact actions that must be taken to fi nally eliminate the gap. According to Davis et al. [14] , Tsai et al. [15] , Marra et al. [16] , the Gap analysis process consists of 5 steps: 1. Describing the area of activity -This step describes the area of activity which is supposed to be analyzed and improved. Firstly, the range of motion and the analysis must be defi ned. However, given that the entire area of activity is being described, those activities can be various -wide and focusing on the entire business, but also narrower and focused on a particular business process, depending on the defi ned company goals (see Table 1 ). The analysis of these areas can be quantitative and qualitative. In this regard, the Gap analysis report should contain a column named "future status", which indicates company's defi ned and desired goals, as well as the current status. 2. Identifying specifi c areas for improvement -Here, specifi c areas for improvement are identifi ed, regarding the areas of activity given in the step 1. 3. Setting goals -When the areas of activity suitable for improving are identifi ed, the next step is to set goals for each area. These goals should be realistic, which means they ought to be achievable in the defi ned time limit, but also synchronized with the company's business goals.
Determining the current status -The present status
of the company should be determined, before embarking on a realistic action plan making. This step is to realize if the company is improving towards the desired status in achieving the goal defi ned beforehand. Also, this is a time to gather as many information as possible, in order to clarify the current status.
The gap we talked about is created somewhere between this and the previous step.
Establishing steps of action or bridging the gap -
Here, the steps for the improvement are being described, i.e. the action plan is being defi ned, in order to reach the desired status. One way to write an action plan is to determine the most critical gaps, that is, to recognize what prevents the enterprise to achieve its goals -to defi ne risky spots. In this step, all possible solutions that could be implemented should be listed, in order to bridge the gap between present and future views. During the product realization, a certain number of errors occurs and those are all sources of potential risks. This number is mostly generated in the production process. In the Table 2 , a report layout is given, describing the current status and guidelines for the future status. Gap analysis can be useful for analyzing the process approach which should include: lowering costs and shortening the duration of activities, more effi cient use of resources, consistent and predictable results, as well as focusing on the improvement possibilities [17] . When it comes to the checklist, it can be said that it represents a starting point for identifying potential risky places. Existence of one or more potential risks (or risky places) can lead to catastrophic consequences because of the omissions in procedures and activities meant to fi x those errors. These risks have the biggest impact on productivity, performances, quality and economy of the production process. In Table 3 , there is an example of the checklist. In case it is stated that the risky event (gap) (1) is present, it implies that the description of the event (2) should include the information about what the risk (gap) represents and the contributing factors (3). In the column (4), clear and objective reasons are being listed, together with the specifi c terms.
Table 1: Steps in the Gap Analysis Process
Entrance
Activities Exit
Area of activity Analyzing the area, starting from the broader context and then narrowing it down.
Submitting the report describing the current status and recommendations about the future.
Identifi cation of specifi c places
Identifying specifi c places (or potential risky spots) to be improved.
Making lists of specifi c places where errors and potential risks can occur; Creating a checklis; Offering improvement measures.
Goals
After defi ning specifi c places, goals for removing errors or potential risks are determined in the defi ned time line.
Providing a list of goals and deadlines for debugging, according to the defi ned specifi c place.
Current state
Discovering areas with weaker performances, compared to competitors.
Giving recommendations for improving processes, products or organizations.
Bridging the gap
Writing down the steps for the improvement, as well as their order.
Creating an action plan containing all possible solutions for decreasing the gap (risk). Grey -Risk unknown or incomplete. Pareto chart would be useful precisely for collecting errors, deviations and defects. Using this chart will help in fi nding places where gaps occur, recorded errors, as well as the repetition rate. The action plan within the Gap analysis includes describing the area of activity and the steps necessary to bridge the gap (see Table 4 ). Within the action plan, all the necessary activities should be defi ned, in order to ensure a complete harmony between process elements [16] . The plan should include: (1) process, (2) process step, (3) current results, (4) desired results, (5) action, (6) target date.
According to Cheng and Musaphir [19] , a large number of managers are worried about the application of product strategy. The reason is the implementation of the action plan into product strategy, which includes measurement performances, decision making and management styles. 
Pareto chart
Pareto chart is used for analyzing the issues that are being broken down to smaller pieces. It enables achieving the highest possible improvements by using all the available resources within the company. Pareto principle states that a small number of samples causes the most issues. According to Haron and Kairudin [20] , Pareto hypotesis "80-20" is about an experiential fact saying that 80% of errors (issues) is caused by 20% of factors (causes). In practice, this ratio is 75-25, 70-30 etc. Govindaluri and Cho [21] view Pareto as a decision-maker optimization model, i.e. the most suitable design solution is being chosen, while minimizing deviations (or potential risks). Pareto chart is used for identifying the relative significance of certain data related to details of the process that is being monitored. This quality chart is suitable for cases in which it is possible to identify errors, their frequency and/or the follow-up expenses, as well as to undertake corrective activities as a function of error elimination [22] .
CASE STUDY
In this paper, implementing and assemblying the pressure transmitter by the domestic manufacturer IHTM-CMT will serve as an example. The period of tracking and collecting errors during manufacturing and assemblying the transmitter lasted from January 2015 to September 2017, when errors (or potential risks) were grouped according to modules. Each electronic transmitter is consisted of three modules: 1.) measurement cell (containing the sensing element), 2.) mechanical coupling fi xture and 3.) enclosure, containing the electronics and the terminal block box. In the Figure 2 , there is a photographic appearance of the realized transmitter through modules. According to Gershenson et al. [23] , it is necessary that all the product modules are detachable and designed for repeated use and recycling. In the Table 5 , there is a summary of number of components and necessary technological operations in the implementation of the transmitter module. Many production systems require complex manufacturing and assembly operations which are later being integrated in the fi nal product [24] . That is why it is important to consider the system modularity through defi ning a plan, proper distribution of activities (operations) and managing, in order to design product (or a process) [25] . In general, modular product design has several advantages: ease of assembly and maintenance [26] , as well as simple adaptability of architecture to new changes [27] . Element processing according to technical and technological documentation Using external technologies Implementing the electronic circuit This paper deals with the gap analysis in a complex design of the product manufacturing and assembling process. By introducing the Pareto-optimizing chart, the modularity of the product and the distribution of structural components at the module level are discussed. It is very important to understand the essence of the structural complexity of the product (or the process). Complexity occurs with products consisted of many components, which can be connected in a wrong way [28] . Products with more components represent a complex structure in the sense of designing, developing and connecting [29] .
EXPERIMENTAL WORK
Gap analysis has been carried out on the example of the electronic pressure transmitter. It is stated that certain irregularities exist and that a gap in the manufacturing and assemblying process of the transmitter occured. For that reason, solving of the encountered issues started, through fi ve steps of the Gap analysis. The fi rst step, related to the area of activity, is closely focused on the manufacturing department. As an exit solution, the report on the current and future situation is given in the Table 6 . The second step, indicating specifi c areas for improvement, is defi ned in the step 1. Actually, the manufacturing process department is being considered (wider concept), more precisely, connecting parts and components, as well as fi nal control of products (narrower concepts). The third step offers a perception of the future status, i.e. defi nes future company goals for overcoming gaps. The fourth step is very important and crucial for further analysis. Current irregularities, errors, defi ciencies and deviations from target values are being discovered. In this regard, in order to detect irregularities in the manufacturing process, the Pareto chart was used, which later served as a base for making a diagram. In the Table 7 , errors and their frequency in recording the situation are classifi ed and presented. Errors occur due to careless assembly and verifi cation of metrological parameters of the fi nal product.
Provide additional staff training. Carry out a process of receiving and control of parameters, as well as storing the fi nal product. 
Element assembly 5
The highest frequency in the fi rst module occurred during the membrane piercing (11) and the cell production quality (7) ; in the second module during element production (44), while the highest frequency in the third module happened during production of the welded joint of measurement cell elements (9) , as well as production of the box and electronics (22) . In this regard, data about relative and cum. relative frequencies is given in the Table 8 , while the Pareto chart, shown in the Diagram 1, is based on this data. By modifying the Table 8 and based on registered frequencies, factors are listed in descending order, starting from those with the highest occurence frequency to those with the lowest one. Based on the Pareto chart, it is obvious that 70.97% of errors (or risky operations) during the transmitter manufacturing process, occur in the implemetation of the third module -box and electronics.
Diagram 1: Pareto diagram of the production process transmitters
After the Pareto analysis of discovering weaknesses of the transmitter implementation, a control chart is created, as a starting point for identifying potential risky places, according to the highest level of frequency. In the Table 9 , there is a control chart display.
In the last step of the Gap analysis, an action plan for the implementation of possible solutions is made, in order to remove oversights between present and future status. In the Table 9 : Checklist in the manufacturing and assembly process of transmitter modules 
DISCUSSION
After fi nishing the Gap analysis and according to the report and action plan that has been carried out, it can be concluded that the main causes of the gap (or risky element) occurrence are the following: 1. Outdated processing technology. Here we talk about the machines which are technically outdated and not calibrated. That leads to bigger complications in the sense of respecting tolerances defi ned by technical documentation. From this point of view, it represents a technical risk because outdated technology is still being used [30] , but also someone else's technology as well. 2. Human factor. When it comes to the human factor, issues are multidimensional and the ones with the biggest impact are: poor control in the work place, poor training and staff incompetency for the expected position. All indicators show that these two gap factors must be systematically removed, so the production process can continue undisturbed.
CONCLUSION
Thanks to Gap analysis and Pareto chart, some key points in the production process have been marked as they indicate major oversights characterized as errors. However, their repeatability means that they turn into risky operations which are disturbing the production process and fi nal transmitter assembly. Gap analysis offers important steps in removing the gap. Gaps represent the base for error occurence and so the number and frequency of their occurrence must be taken into account. If these errors remain unremoved, potential risks can appear. Gap analysis helps the organization notice potential risk factors which lead to deviations of the quality from planned values, as well as to process interruptions. Also, negative effects can be minimized and improvement possibilities used fully. According to the Pareto chart, it is concluded that almost 80% of errors (or risky elements) during the transmitter production process occur in the implementation of the fi rst and the third module, as they are consisted of all the gaps characteristic for technology and people. Therefore, more attention should be paid during fi nalizing processes of producing machine parts (assemblies and subassemblies), as well as electric circuits. It means that, by eliminating those errors in the production process, oversights (risks) would be lowered for over 70%, which would be important for improving the level of quality and faster transmitter implementation.
